New e-markets try in a number of ways to attract a critical mass of participation and usage. Two innovative, all-electronic options exchanges, the International Securities Exchange (ISE) and the Boston Options Exchange (BOX), opened for trading in 2000 and 2004. In contrast to rival floor markets, they offered immediate order execution, direct user access, and reduced costs. ISE and BOX grew trading volumes and won market share from four incumbent exchanges in the U.S. We observe significant differences between broker order routing practices across ISE and BOX leading to the markets' different growth patterns. We develop and test hypotheses about new market growth using a panel of six years of quarterly disclosures from 24 major brokerage firms. We find that membership affiliations are the dominate force in predicting brokers' order routing patterns. In contrast to prior research, network externalities, as measured by an exchange's previous quarter market share, are not significant predictors after controlling for temporal heterogeneity.
Introduction
The first all-electronic exchange for trading equity options, the International Securities Exchange Previous attempts such as the Arizona Stock Exchange, BondConnect, Intex, Jiway, Optimark, Tradepoint and many others offered new, fully electronic trading platforms but failed to reach sustainable market shares and were shut down. ISE and BOX were both relatively successful compared to these exchanges. However, little is known about what sets ISE and BOX apart as successful entrants. Furthermore, while ISE reached 30 percent market share after three years, BOX only achieved 6 percent in the three years from its launch. This raises a natural question: why was ISE so successful compared to BOX? Previous research recognizes that interdependent adoption decisions and network effects can delay the diffusion of new information technologies and prevent organizations from realizing Information Technology (IT)'s value. When technological progress does diffuse into the operational processes of acquiring firms and with success of the introduction of a new technology hinging on attracting a sustainable number of users, researchers have sought to identify the drivers of adoption. The economics literature suggests that users adopt a new technology as the perceived or anticipated benefit of doing so increases. The benefits, termed network effects, have been identified in numerous settings (Brynjolfsson and Kemerer 1996 , Griliches 1957 , Weber 2006 ).
Also at work are sociological drivers of adoption such as know-how or experience with an innovation. As a technology diffuses among consumers or firms, non-economic forms of institutional pressure or "keeping up with the Joneses" effects can accelerate adoption (Abrahamson and Rosenkopf 1997) . These forces can help or hinder diffusion of the new technology.
While the introduction of technologically enabled markets is solidly within the Information Systems (IS) domain, IS research traditionally focuses on pricing, transactions costs, and auction mechanisms (Bakos 1997 , Ghose and Yao 2011 , Overby and Jap 2009 , Tang et al. 2010 . A survey of e-markets papers appearing in top journals from 1997 to 2008 found that 90, or nearly half of the 196 papers covered, were on auctions alone (Standing et al. 2010) . Early empirical research into electronic markets generally compared new electronic markets to traditional, manual markets (Clemons and Weber 1990, Hess and Kemerer 1994) . This paper addresses the gap in the literature by comparing two electronic markets competing with one another, and with the traditional floor markets they challenged. We examine the factors influencing options exchange usage among U.S. brokerage firms that led to differing growth patterns for two new e-markets. Exchange markets depend on the participation of multiple, heterogeneous firms and users, and the liquidity and value of a market grow with its user base.
The history and scale of options markets make them a particularly interesting setting in which to research e-market competition.
1 Options contracts can be either a put or a call. A put (call) option is the right, but not the obligation, to sell (buy) the underlying security at option expiration for a pre-determined price. Each equity contract is for 100 shares of the underlying security. Options Once an investor decides to trade an option, the order is delivered electronically or via phone to the broker. Brokers are obligated to sell at the highest price and buy at the lowest price. However, with many exchanges matching prices at current exchanges, brokers may need to be incentivized to send orders to ISE and BOX. The decision of the allocation of orders sent to each exchange, called the "order routing" decision, is potentially automated to route orders to a certain exchange under certain conditions. Furthermore, brokers can sign up for one or multiple affiliations with the exchanges which entitle them to some benefits for routing orders to and participating in trading on that exchange. Affiliation in this context represents institutional pressure/persuasion to route orders to a particular exchange. 2 In that sense, they are a sociological factor influencing brokers' order routing decision.
Failure to attract enough orders is what caused previous attempts to launch e-markets to shut down. ISE and BOX illustrate the critical mass challenges. In their first four years of operation, the two exchanges slowly gained market share from the incumbent floor exchanges. ISE reached a
2 Brokers' exchange affiliation should not be confused with affiliation in a sociological sense such as North American or European. Indeed it is more closely related to a two-part tariff where there is an upfront fixed cost and subsequent variable cost. We use the term affiliation throughout this paper to keep in line with the terminology used between brokers and exchanges. Note. ISE and BOX had similar initial growth in terms of average contracts per day during the first 30 months after launch. However market shares for the two exchanges were only similar in the first eight months.
market share of 30 percent after three years. While BOX achieved 6 percent market share within two years, it has not increased from that level (Figure 2 ).
Figure 3(a) shows the growth in the initial months at ISE and BOX were similar in terms of the number of contracts traded per day. However, when viewed in terms of the market share of the exchanges as in Figure 3 (b), ISE continued to grow after its first twelve months, while BOX growth stagnated.
With so much at stake financially, there are several critical questions to understand how to introduce electronic markets in competition with traditional floor exchanges and rival electronic exchanged. Specifically, are economic (network) or sociological (affiliation) effects both important for introducing new electronic exchanges? If so, which is the more important force? How does the introduction of a second electronic exchange impact the market share of an incumbent electronic exchange?
To answer these questions, we first formally develop hypotheses regarding broker order routing to competing electronic exchanges in the presence of affiliation benefits and network effects.
Before explicitly testing these propositions, we examine differences in brokers' adoption and attrition across the two exchanges. Then using a panel of six years of quarterly disclosures from 24 major brokerage firms, we model the broker's order routing patterns at the firm level. Estimating fractional regression models of the new markets' growth, we find that "sociological" factors (affiliations) outweigh the importance of economic factors (network effects) in brokers' order routing decisions to the new markets.
Our competing markets setting, and the issue of IT diffusion across firms, are broadly important in the IS field. Many new IT platforms derive their value from the level of usage and the network benefits they generate (e.g. social media websites, packaged software, online auctions). Succeeding in the initial start-up phase is therefore crucial. This paper contributes to our knowledge of the factors that can lead to the successful diffusion of electronic markets. Our results are important for three reasons. First, we find a counterintuitive result in the data that suggests network effects, measured as an exchange's previous quarter market share, are not significant predictors of brokers' order routing levels after controlling for unobserved temporal heterogeneity. Strategies that target a broad base of brokers may not benefit from the network effects as much as previously thought.
Second, the results highlight the key role of exchange affiliations in achieving broad market usage.
Combined with the previous result, our findings have implications for operators of new e-markets and participants in the financial trading industry. Specifically, technological advantages will not lead to economic benefits unless the adoption decisions and usage patterns of target participants collectively facilitate a successful launch. Third, we advance the academic literature by empirically studying competition between rival electronic exchanges. Prior work generally examined electronic markets versus physical markets leaving comparison of alternative IT-enabled institutions a relatively understudied area of the IS literature (Koh et al. 2010 ).
Figure 4 Summary of hypotheses
Note. Summary of hypotheses. E represents an electronic exchange and F represents a traditional floor exchange. P is the percent of orders routed to that exchange by a broker. H4 is the net effect of legitimation and competition.
Literature and Hypotheses
A large body of research has sought to understand the sociological and economic processes underlying the diffusion of new technologies. This section ties together these two literature streams to develop hypotheses on how brokers decide where to route orders. Figure 4 provides an overview of the brokers' choice of where to route orders. It also serves as a framework within which to describe each of the hypotheses below.
Economics of Diffusion
The economics literature principally considers how consumers or firms adopt when they anticipate benefits from other consumers or firms using the same technology. The economic benefits may be direct, such as for a unified electronic records system or word processing user gaining when others acquire the records system or buy software with the same document format. Or there may be indirect benefits, arising from the technology that is widely selected being more likely to survive and have more products compatible with it in the future. For instance, once Blu-Ray went ahead in the format battle for High Definition DVDs, your neighbor can lend you a Blu-Ray disk to play on your machine, generating an indirect benefit an HD-DVD player would not. The first three hypotheses aim to measure whether network or affiliation effects dominate in brokers' decision of where to route orders.
Empirical data has been used to understand the diffusion process of technological innovations.
The seminal work of Griliches (1957) technology. A more recent study looks at internet banking adoption and finds that customers are more likely to adopt when local online banking penetration levels are higher (Xue et al. 2011 ).
Another study identified features of spreadsheet software that commanded premium prices, but also identified "positive network externality effects from installed base and from compatibility [that are] as important as any of the intrinsic product features" of the 93 competing software packages in the sample (Brynjolfsson and Kemerer 1996) . A study of ISE in the period 2001-2004 showed brokers' use was positively related to whether the firm is an online broker, its ISE affiliation status, and the prior period's overall ISE market share (Weber 2006) .
One challenge for research studying the take up of new IT is that analyses based on sales of an IT product often overstate the true diffusion process (Fichman and Kemerer 1999 ). An "assimilation gap" exists between the acquisition of software and its deployment. This leads to the conclusion that IT innovations may enjoy robust sales, yet are "not genuinely diffusing in the sense of having a significant impact on the operational processes of acquiring firms" (Fichman and Kemerer 1999, p. 273) . Examining the assimilation of software process innovations in 608 corporate IT departments, Fichman develops a model with six variables including department size, education, and internal training activity. The model explained 49 percent of the variance in firms' use of software process innovations (Fichman 2001) . Evidence of benefits are shown to be more strongly linked to the actual usage of technology than to its mere availability in a sample of decision support systems (DSS) usage in eight hospitals (Devaraj and Kohli 2003) . Pac et al. (2010) extended the Bass diffusion model to a competitive environment in which the rival "platforms" have differing network externalities. The optimal adoption times for users are solved for as Nash equilibria, and the paper shows that under competition, the dominance of an incumbent platform translates into lagged response by users to an entrant's innovation.
The above studies document the historic importance of network effects in the diffusion of new technologies. Network effects are also perceived to be important in the context of financial exchanges. Exchanges with a larger number of orders routed to them, termed higher liquidity, tend to have more competitive quotes (higher sell prices and lower buy prices) and lower spreads (the difference between current buy and sell prices) (Harris et al. 2008) . Therefore, as the liquidity of the exchange increases, quotes become more competitive and brokers will increase the percentage of orders routed to that exchange leading to further reductions in trading costs. We expect this effect to be apparent in the electronic exchange setting we study here. After all, as the old trader adage goes "liquidity begets liquidity." This is reflected in Figure 4 where increased liquidity in one exchange leads to a larger percentage of orders routed to that exchange at the expense of the competing exchanges.
Hypothesis 1. Network effects play an important role in e-market use: As an exchange grows its market share and overall liquidity, the percentage of orders that brokers subsequently route to that exchange will increase.
Sociological Factors of Diffusion
In contrast to the diffusion economics literature, sociological research emphasizes how know-how or experience with an innovation can be spread across users and become the mechanism that drives network effects (Rogers 1976 (Rogers , 2003 . Abrahamson and Rosenkopf (1997) propose a theory of how the structure of social networks affects the extent of an innovation's diffusion among members.
According to the theory, success is a result of knowledgeable advocates, experts and technology vendors promoting early adoption of an innovation. As it becomes more widespread, other forms of institutional pressure -business partners, consultants, etc. -persuade other, similar firms to adopt. They propose that as innovations gain managerial attention, becoming fads and fashionable, their diffusion accelerates, perhaps more so than would be justified on economic benefits alone.
Sociological effects are not merely important for physical products but can play a significant role in the diffusion of e-markets. A study based on surveys of 90 senior managers and traders across 25 financial institutions found that interfirm relationships play a major role in limiting the proliferation of electronic trading systems in the fixed-income markets (Montazemi et al. 2008) .
In this case, sociological effects have maintained the status quo with merely 10% of fixed income trades transacted via the electronic channel.
Broker affiliations with an exchange are sociological effects in the context of electronic exchanges.
Firms which operate closely together by continual interaction develop a sense of obligation toward the other party; nurturing ties that lead to the formation of mutually beneficial alliances (Gulati 1995) . Similar to the relationships Gulati examined in fixed income markets, affiliations will drive the successful or unsuccessful launch of the new electronic exchanges as orders are routed to the exchanges with which the brokers have formed the closest ties. We hypothesize that broker affiliations will impact order routing in two ways. First, brokers that affiliate with an exchange route more orders to that exchange.
Hypothesis 2. Brokers with membership affiliation(s) with electronic exchange E1 will route a higher percentage of their customer orders to exchange E1 than brokers without membership affiliation(s) with electronic exchange E1.
Second, affiliating with an electronic exchange has a significant impact on order routing to the competing electronic exchange. Increased order routing to exchange E1 could come at the expense of the competing electronic exchange E2 or it could come at the expense of one (or all) of the floor exchanges with no reduction in order routing to E2. However, affiliating with electronic exchange E1 could potentially lead to an increased percentage of orders routed to E2. If brokers develop or purchase new technologies to take advantage of the affiliation benefits with E1, they may see a benefit to routing more orders to electronic exchanges in general. In this case, the increase in P E would lead to an increase in the percentage of orders routed to E2 as well as to E1. These types of spillover effects have a positive impact on a firm's long-run productivity (Chang and Gurbaxani 2012) .
Hypothesis 3. Brokers with membership affiliation(s) with electronic exchange E1 will differentially route a percentage of their customer orders to electronic exchange E2 than brokers without membership affiliation(s) with exchange E1.
Competitive Forces in Action
In addition to affiliation and network effects, competitive forces impact brokers' order routing decisions. When BOX enters as a new electronic market, there are four possible outcomes for order routing to ISE. The first is that BOX receives no orders and the status quo is maintained. A related outcome is that BOX receives orders that were previously routed to the floor exchanges. This would also have no impact on the percent of orders that are routed to ISE. The third potential outcome is that orders are routed away from ISE to BOX. This is in line with classic market competition models that predict the introduction of a rival will reduce the market share of closely related competitors (Hotelling 1929) . Finally, ISE could experience an increase in order routing. BOX's entry could signal to brokers that electronic trading is not a fad or increase public knowledge of the benefits of electronic trading. In doing so, BOX's entry would "legitimize" the new trading technology. The exact mechanism through which legitimation occurs is outside the scope of this paper. We merely note that, for whatever reason, a second mover, in technological terms, may in fact lead to increased market share for the first mover at the expense of existing non-technological competitors. While we do not know which of these four outcomes will eventually transpire, we expect that BOX's entry will have some impact on the orders routed to ISE.
Hypothesis 4. The opening of a new electronic exchange will impact the percentage of orders routed by brokers to existing electronic exchanges.
One possible way in which BOX entry can impact order flow to ISE is through changing relative incentives for brokers affiliated to ISE. After BOX opens, brokers are faced with different benefits and costs. The attractiveness of BOX affiliations could cause ISE-affiliated brokers to change their order routing decisions. It is unlikely that the BOX affiliation structure would make the ISE affiliation structure more attractive as this would imply that brokers were not correctly evaluating the relative benefits and costs of affiliating with ISE and the traditional floor exchanges correctly before BOX was introduced. We therefore expect that the relative benefits of being affiliated with ISE are reduced when BOX opens and therefore ISE-affiliated brokers will route a lower percentage of their orders to ISE after BOX opens.
Hypothesis 5. The opening of a new electronic exchange will lower the percentage of orders routed to the existing electronic exchange through brokers affiliated with the incumbent exchange.
Data
We test the hypotheses developed using a panel dataset made up of quarterly observations for 24 major U.S. brokerages from third quarter 2001 through fourth quarter 2006, inclusive. Since our sample does not contain a complete collection of brokers in the U.S. market, we must ensure it is representative of the industry as a whole. We collected commission revenue data from each Second, the total number of contracts traded on each exchange for each quarter was collected from the Options Clearing Corp. We use this data to calculate the market share for each exchange in each quarter. An exchange's market share is a measure of the liquidity in that exchange relative to liquidity in all of the other exchanges.
Third is the brokers' affiliation information. The authors hand collected this data from the ISE and BOX websites and through correspondence with managers at the exchanges to determine dates at which firms became affiliated with that exchange. Table 1 summarizes the affiliation categories in each exchange. A detailed description of exchange affiliation requirements and benefits is given in the next subsection.
The fourth source is Barron's annual survey of online brokers from 2002 to 2005, which classifies brokers into online (OLBs) and full-service categories (FSBs). We use this variable to determine if online brokers, which have adopted a high-technology strategy in the broker space, routed orders differently to the two exchanges. While we have no hypothesis that would suggest differences in order routing, observing a significant difference in order routing for these brokers would provide evidence that one exchange facilitated electronic trading better than the other through better 5 Rule 606 mandates that from third quarter 2001 firms must disclose the identity of the market centers that receive 5% or more of customers' orders for: i) NYSE-listed securities, ii) Nasdaq-listed securities, iii) Amex-listed and regional exchange-listed securities, iv) exchange-listed options. The specific disclosures apply are the "Percentage of Customer Orders Having a Market Value Less Than $200,000" for securities, and for listed options, the "Percentage of Customer Orders Having a Market Value Less Than $50,000." Mean of the dependent and independent variables used in our analysis. Averages for OLB and ISE related variables are calculated over 462 observations. Averages for BOX related variables are calculated over 257 observations due to the later timing of BOX entry.
connectivity, timelier support, etc. Table 2 reports the mean of the dependent and independent variables in our sample. In contrast, BOX places no limits on the number of brokers within its affiliation designations, nor does it require brokers to purchase affiliations. BOX Market Makers (BOXMM) are responsible for providing liquidity in the options they have been assigned to, but can freely enter or exit. The market makers on BOX are competing with any number of other market makers. The second BOX affiliation type is called a participant (BOXPRCT). Similar to the ISEEAM affiliation type, the BOXPRCT is not purchased but a registration requirement for trading on the exchange. The third BOX affiliation type is an investor (BOXINV). This is different to the other two affiliation types.
Exchange Affiliation Structures
An investor is a broker that also has an equity stake in BOX.
Data on explicit per trade exchange costs were collected, but the small differences turned out to have no relation to market share changes (Table 3 ). We also learned that volume discounts and rebates made published fees less than reliable measures of actual costs.
Analysis of Brokers' Adoption and Attrition
Before formally testing our hypotheses through an econometric analysis of broker order routing, we first examine the pooled data. At the broker level, there are alternative explanations for why BOX did not achieve market share levels comparable to ISE including: (1) fewer brokers used BOX than ISE, (2) brokers used BOX but with not enough volume, and (3) brokers used BOX for a time but then stopped using BOX.
In order to examine adoption and attrition in the highly sensitive post-launch period, we first categorize the brokers into four types:
1. Continuing brokers are those which submitted orders to the exchange in both the previous and the current quarter.
2. Entering brokers are those which did not submit orders in the previous quarter but did in the current quarter.
3. Exiting brokers are those which submitted orders to the exchange in the previous quarter but not in the current quarter.
4. Waiting brokers are those which did not submit orders in either the previous or the current quarter. Note. Number of brokers in each category for ISE and BOX in the 12 quarters following exchange opening. ISE had fewer exiting brokers than BOX but BOX had more continuing brokers than ISE. An exchange failing to attract sustainable order flow could be the result of brokers not continuing usage (too many brokers exiting the user group), or brokers not entering the user group (too many brokers delaying adoption), or a combination of the two. Starting from when an exchange opened and continuing for 12 quarters, we categorize brokers in this way. This enables us to compare the exchanges on equivalent time spans. In addition, we only consider brokers for which we have order information for all 12 quarters following exchange opening. This prevents overestimation of the impact of each category due to missing data. Figure 5 shows the breakdown of brokers in each category for both exchanges. Immediately evident is that ISE has fewer exiting brokers than BOX in almost all except one quarter. However, with the exception of the final quarter, BOX has more continuing brokers than ISE. Table 4 shows the number and relative percentage of broker-quarters in each category for each exchange as well as for the two exchanges pooled together. Using this information, we perform chi- Probability of a broker using ISE (Panel A) and BOX (Panel B) in the current quarter conditional on the previous quarter's usage. Note that columns sum to 100% while rows do not.
squared tests to determine if the number of broker-quarters in each category for the exchanges is significantly different from the number of broker-quarters in each category for the pooled data. The results of the tests confirm that both ISE and BOX broker categorizations are statistically different than the pooled broker categorizations (χ 2 = 100.35, p < 0.001 for ISE and χ 2 = 147.01, p < 0.001 for BOX). We conclude that the overall distribution of broker-quarters across the categories is different between the two exchanges.
We also use the data in Table 4 to calculate the probability of a broker switching their usage in the current quarter given their usage in the previous quarter. For example, a broker who routed a positive percentage of their orders to an exchange in the previous quarter is either a continuing broker (if their usage is positive in the current quarter) or an exiting broker (if their usage is zero in the current quarter). Similarly, a broker who did not route any orders to an exchange in the previous quarter is either an entering broker (if their usage is positive in the current quarter) or a waiting broker (if their usage is zero in the current quarter). Table 5 shows these probabilities for ISE and BOX. The calculations emphasize the substantial differences between the two exchanges that are apparent in Figure 5 . In particular, the chance of an ISE user remaining an ISE user the next quarter is 99.1 percent but it is only 92.3 percent for BOX as 7.7 percent of brokers fail to use BOX the quarter after reporting positive use of BOX. Lower retention levels for BOX could signal lower benefits for the brokers.
It is not simply the number of brokers in the categories that determines why ISE reached the market share levels it did while BOX failed to achieve these levels but also the percent of orders routed to an exchange by the brokers. If brokers route orders to an exchange, but only in small amounts, then the exchange may fall short of critical mass. A similar argument applies to brokers that already route orders to the exchange. If these brokers stop routing orders to the exchange or decrease the percentage of orders routed to the exchange, then the volume could have difficulty attaining a sufficient mass of orders to remain profitable. In both cases the positive feedback loop of exchange volume was better engaged for ISE than for BOX. Figure 6 shows the breakdown of changes in average percent of orders routed in each of the broker categories as well as the overall change in average percent of orders routed to ISE and BOX. Note. Changes in percent of orders routed from quarter to quarter for entering, continuing, and exiting brokers as well as overall change in percent of orders routed to ISE and BOX. Results of a one-tailed two-sample t-test for differences in the change in average percentage of orders routed to each exchange for entering and continuing or exiting brokers.
It seems that the average percentage of orders routed to ISE by entering brokers is higher than the average percent of orders routed to BOX by entering brokers. In addition, the average percent of orders routed to ISE by either continuing or exiting brokers is higher than the average percent of orders routed to BOX by either continuing or exiting brokers. Table 6 shows the results of two-sample t-tests assuming unequal variances for differences between the change in percentage of orders routed for different categories of brokers across exchanges. The results confirm that brokers using BOX for the first time route a smaller percentages of their orders compared to those using ISE. Furthermore, continuing or exiting brokers route a smaller percentage of their orders to BOX. These two results combine to show that ISE had larger routing percentages and a greater chance of continuing usage, which provided the liquidity advantages needed in order for the exchange to succeed.
BOX had a larger number of users than ISE. However, brokers' lower usage levels and higher exits from usage resulted in BOX not achieving the market share levels reached by ISE. These results suggest new electronic exchanges should aim to attract a small number of highly committed users to achieve a successful launch.
Econometric Specification
While the previous section demonstrates that brokers' use of ISE was different than BOX, there are many broker-specific and temporal effects that are not controlled for. To address these issues, we turn to a robust econometric analysis to determine how broker characteristics impact their order routing to the two competing electronic exchanges. In the context of electronic exchanges, we explain the percentage of orders routed to a given exchange by a broker in each time period as a function of firm characteristics (broker affiliation with an exchange and whether the broker is an online or full-service broker), and external factors (whether BOX is open and the market share of an exchange).
Broker order routing to an exchange is, by definition, bounded between 0 and 1. Two seminal papers demonstrate the econometric issues with estimating a model with a bounded dependent variable Wooldridge 1996, 2008) . These so-called fractional regression models have been gaining momentum in the academic literature as of late. These models take into consideration the bounded nature of the dependent variable and resolve the drawbacks of estimating a linear model such as OLS regression. Additionally, fractional regression models are preferred over alternatives (such as modeling the log-odds ratio in a linear manner) because they allow for observations at the boundary. This is a crucial consideration in our model as there are numerous observations where a broker has not routed any orders to a particular exchange.
The analysis conducted in Weber (2006) failed to take into account these econometric issues. We therefore first verify that these results are robust to a fractional regression model of the form:
( 1) where p it is the percentage of orders routed to ISE by broker i to ISE in quarter t, ISEP M M it is a dummy variable taking the value of one when a broker is an ISE Primary Market Maker and zero otherwise, ISECM M it is a dummy variable taking the value of one when a broker is an ISE Competitive Market Maker and zero otherwise, ISEEAM it is a dummy variable taking the value of one when a broker is an ISE Electronic Access Member and zero otherwise, α i are broker fixed effects and τ t are dummy variables for each quarter. 6 The broker fixed effects control for any unobserved, time-invariant differences across brokers. The quarter dummy variables control for quarterly differences that impact all brokers including the previous quarter market share of ISE and any measure of the distribution/concentration of orders across exchanges in a quarter. In addition, they control for any unobserved temporal heterogeneity that may influence a brokers decision to affiliate with an exchange such as changes in competitive strategy enacted by the traditional floor exchanges and customer's demand for near immediate execution. The inclusion of quarter dummy variables prevents identification of the network effect using the previous quarter market share for ISE, but is used because it is robust to arbitrary differences in macroeconomic factors and changes in the competitive landscape through time.
After testing previous results related to the impact of affiliation on brokers' order routing decisions in the robust fractional regression specification with controls for both broker level and temporal heterogeneity, we examine affiliation and network effects under electronic exchange competition.
The benefit of observing order routing for both exchanges simultaneously is the ability to identify the impact of network effects, over and above idiosyncratic quarterly shocks controlled for by the quarterly dummy variables, due to differences in the previous quarter market share for the two exchanges. Furthermore, although we cannot determine if online brokers routed more orders to the electronic exchanges than full service brokers because of the broker fixed effects, we can examine whether online brokers routed orders differentially between the two exchanges. Finally, we can examine what impact being affiliated with one electronic exchange has on the routing to the other electronic exchange and whether the increased competition or legitimation effect dominates. To do so, we estimate a fractional regression model of the form:
where p i jt is the percentage of orders routed to exchange j by broker i in quarter t, BOX j is a dummy variable taking the value of one when the orders are being routed to BOX and zero otherwise, ISE j is a dummy variable taking the value of one when the orders are being routed to ISE and zero otherwise, OLB i is a dummy variable taking the value of one when the order being routed is from an online broker and zero otherwise, BOXIN V it is a dummy variable taking the value of one when a broker is a BOX Investor and zero otherwise, BOXM M it is a dummy variable taking the value of 1 when a broker is a BOX Market Maker, BOXP RCT it is a dummy variable taking the value of one when a broker is a BOX Participant and zero otherwise, BOXOP EN t is a dummy variable taking the value of one when BOX is open and zero otherwise and M S j,t−1 is the aggregate market share of exchange j in the previous quarter. All other variables are as described above. The exchange dummy variables are mutually exclusive meaning that coefficients on the interactions with broker affiliations are differences relative to order routing to that exchange by a broker without that affiliation level.
Finally, we examine how the introduction of BOX impacts broker order routing by brokers that are affiliated to ISE. As hypothesis 4 elaborates on, after BOX opens, the relative benefits of the ISE affiliations are re-evaluated and brokers may change their order routing to ISE as a result. To identify the effect, we interact ISE affiliation levels with BOX opening:
where all variables are as described above. The three way interactions between ISE affiliations, ISE and BOXOP EN measure changes in order routing to ISE by ISE-affiliated brokers after the introduction of BOX.
In all three models, we allow for an error structure with arbitrary autocorrelation within a broker and heteroskedasticity across brokers. Clustering errors at the broker level is especially important in models (2) and (3) where both exchanges are modeled simultaneously. When a larger percentage of orders are routed to ISE there is a lower perentage of orders left to be routed to BOX and vice versa. Failure to account for this could result in incorrect standard errors and conclusions may not be correct.
The astute reader will recognize that brokers are not randomly assigned to affiliation levels with the two exchanges. Instead, a broker may choose to affiliate with an exchange in anticipation of heavy usage and then route a higher percentage of orders to this exchange once the choice has been made. While we cannot completely rule out this source of endogeneity of exchange choice, we are not overly concerned for two reasons related to order flows under endogeneity. First, if exchange choice was endogenous, order routing would follow in a "winner-take-all" manner where each broker routes all of their orders to the one exchange they are affiliated with. This is not the case as evidenced by order routing levels that are routinely less than 100%. Second, order routing would remain unchanged until a competitor offers an affiliation structure that provides an incentive for a broker to move all order flow to that exchange. Brokers would route orders to an exchange in one quarter and then fail to route orders to that exchange in another quarter. Low BOX retention and brokers affiliating with the exchanges several quarters after they opened as seen in Section 4 demonstrates that this is not the case. Both of these facts combine to suggest that while affiliation and order routing may not be perfectly separable, they are different decisions for brokers and we are not overly concerned that this is driving the results that follow.
Results
We begin this section by testing the results of Weber (2006) under the more robust fractional regression specification. In addition to the alternative estimation procedure, we include quarter fixed effects instead of lagged exchange market share to control for any temporal heterogeneity that impacts all brokers in a quarter. Column (1) of Table 7 shows the results from Model (1). Given the inclusion of broker fixed effects in our specification, the best comparison model from Weber's analysis is the firm fixed effects model. In his analysis, Weber found that PMMs and EAMs but not CMMs submitted a significantly larger percentage of their orders to ISE than non-affiliated brokers. In contrast, the current specification finds that only PMMs route a significantly larger percentage of orders to ISE. The change in significance for the EAM affiliation level demonstrates the importance of a correct specification. Instead of high and medium levels of affiliation resulting in significantly higher order routing levels, only the highest levels are important. The inclusion of quarter fixed effects in our specification controls for but does not allow us to separately identify network effects.
Affiliation Effects Under Competition
We now utilize the entry of BOX as a competitor in the e-market space to analyze how affiliations and competition interact as in Model (2). The results, in Column (2) of Table The coefficient on BOX indicates the extent to which orders are routed to one or the other exchange after controlling for affiliation effects, network effects, and broker and temporal heterogeneity. The coefficient can be interpreted as the difference between the percentage of orders an unaffiliated broker routes to BOX relative to the percentage of orders an unaffiliated broker routes to ISE. The coefficient is not significant indicating that unaffiliated brokers did not route orders to one exchange over the other. Combining all of the affiliation results together, we conclude that exchanges must carefully decide on a mutually beneficial broker affiliation structure in order to attract a critical mass of participation. Failure to provide the correct incentives will result in low use and could result in complete failure of the exchange.
In contrast to the affiliation levels, previous quarter market share, a measure of network effects, which has traditionally been considered the most important factor for e-market success, is not a significant predictor of broker order routing practices. An important implication of this result is that managers of e-markets cannot rely on network externalities to drive continued use. This conclusion supports the results of the adoption and attrition analysis in Section 4 showing a larger number of brokers routing orders to BOX but in lower amounts. The lack of benefits due to network effects suggests that electronic exchanges must solely focus their efforts on identifying and maintaining the correct affiliation structure. Furthermore, this reinforces earlier conclusions that relying on a broad user base with relatively low usage is not a sustainable model for growth.
Weber (2006) presented suggestive evidence that OLBs route a larger percentage of their orders to ISE than full service brokers. Targeting OLBs may therefore be a successful strategy. However, OLBs do not route more to ISE or to BOX as evidenced by the insignificant coefficient on OLB × ISE. This is evidence that the broad e-market platform and connectivity was not better at one exchange over the other. Neither exchange can gain a relative advantage by attracting these brokers.
However, ignoring OLBs is not an optimal strategy as these brokers may submit a larger portion of their orders to the electronic exchanges in general.
The opening of BOX had little direct impact on ISE after controlling for affiliation as evidenced by an insignificant coefficient on BOXOP EN × ISE. BOX order flow could have come at the expense of the floor exchanges. Alternatively, ISE order flow could have increased due to the legitimation effect and decreased due to competitive forces. The two effects would combine to show unchanged order flow as in our regression results. Unfortunately, we cannot determine the specific reason why the coefficient is not significant. Future research can collect necessary data to identify the two effects separately to determine how the two factors interact.
Affiliation Effects Under Increased Competition
The previous results do not identify an aggregate effect of increased competition on ISE order flow.
However, it is possible that ISE-affiliated brokers changed their order routing as a result of BOX's entry. Column (3) of Table 7 contains the results of the regression for Model (3). The results for affiliation, network and competition effects are qualitatively unchanged from the previous specification with the exception of a marginally significant coefficient on BOXP RCT × BOX. We therefore focus exclusively on order routing changes to ISE once BOX has opened for brokers affiliated with ISE. When BOX opens, the relative benefits of submitting orders to ISE must be re-evaluated by these brokers. The results show that ISEEAMs route a smaller percentage of their orders to ISE after BOX opened for business. Order routing by ISEPMMs and ISECMMs was unchanged following BOX's entry. This further supports the conclusion that retaining heavily affiliated brokers is important to e-market success. When switching costs are low, as in this technology setting, the marginal benefit of low-level affiliations can be easily compromised with the introduction of a closely related competitor.
Managerial Implications
Combined results of the three models highlight the importance of developing and maintaining incentives for brokers to route orders to an exchange. Failure to retain affiliated brokers or loss of a relative affiliation incentive advantage can result in a significant reduction in order routing to an exchange. We conclude that at the time of launch electronic exchanges should spend significant resources to ensure a mutually beneficial affiliation structure. Furthermore, exchanges must react to new competitor entry and changes in competitors' affiliation structures so as to retain an incentive structure that is beneficial for brokers.
Failure to offer the correct affiliation structure can have devastating consequences. A broad use strategy that aims to drive order flow from many different brokers may inevitably fail. E-markets cannot rely on the network effects to maintain order flow from unaffiliated brokers as evidenced by a lack of significance on the previous quarter market share for an exchange. Catering to the unaffiliated masses can be a costly strategy for e-markets as these brokers do not appear to route different amounts of orders to the two exchanges or react to the introduction of new exchanges.
Attempting to identify technically capable users, such as online brokers in our setting, will not provide a sustainable competitive advantage over other electronic exchanges.
Finally, exchanges must react to new competitor entry and changes in competitors' affiliation structures so as to retain an incentive structure that is beneficial for brokers. The effects of not responding to market entry are evident in Model 3. ISE failed to offer an affiliation level at a cheap price. Because ISE did not react to BOX's entry in terms of matching or at least adjusting its affiliation structure, BOX was able to attract order flow from many of the low-affiliation ISE users.
While this did not result in an overall reduction in ISE market share it undoubtedly led to lower levels of market share than ISE could have achieved with the correct response to BOX entry. One such response would have been to offer an even lower cost or possibly free affiliation tier below the EAM affiliation.
Discussion and Conclusions
New electronic exchanges have significant advantages over traditional floor exchanges due to direct user access, faster trading speeds and reduced trading costs. However, electronic exchanges must differentiate from each other in different ways. This papers examines the roles networks effects and broker affiliations in determining brokers' order routing practices to two new electronic options exchanges in the U.S.
We analyze the propensity of a broker to stop using ISE or BOX, and find withdrawals were high at 8 percent per quarter for BOX but less than 1 percent for ISE, which was more "sticky."
The commitment of ISE users to continue use of the exchange more than made up for the initially smaller number of ISE users in our sample. This reinforces the conclusion that exchanges require a base of dedicated users to compete successfully, and that a smaller number of heavy users can more than compensate for a low number of users.
Based on our panel of 462 quarterly disclosures from 24 major brokerage firms, we find the growth of new exchanges can be attributed to the characteristics of individual broker-users. We also identify significant differences in brokers' order routing practices to two new electronic options exchanges. The models we estimate allow us to test hypotheses that explain individual firms' usage levels and the drivers of new electronic markets' growth. Brokers' order routing to the more successful electronic exchange and the less successful electronic exchange can be attributed to differences between the exchanges' affiliation structures.
We believe we are the first to compare two competing electronic markets by contrasting order routing estimated from an empirical data set. We find support for sociological factors influencing diffusion, such as whether it has an e-exchange affiliation or ownership role. After controlling for broker and temporal heterogeneity, affiliation status is found to be the only significant predictor of broker order routing levels. Unexpectedly, economic measures of the network externality effect, which have traditionally been important factors in the diffusion of new technologies, have no influence on the markets' growth. There is no a priori reason to believe that affiliation effects dominate network effects solely in the e-market context examined here. Investigation of the relative impact of affiliation versus network effects in competitive market spaces merits further examination.
Unaffiliated brokers did not significantly change their order routing to ISE once BOX opened,
indicating that competitive effects of a new introduction are seen only through affiliations to the exchanges. We confirm that this is the case but only for low levels of affiliation. From our results, executives of new e-exchanges should allocate their resources strategically at the time of launch.
Identifying broker exchange affiliation and incentive schemes is important to building overall liquidity. We can conclude that exchanges should focus on developing a structure that provides brokers with appropriate incentives in order to achieve sustainable order levels. Furthermore, keeping a keen eye on the competitive landscape and reacting to changes in current and prospective competitors' affiliation structures may prove the most beneficial way to ensure continued success. Top management must identify the relative advantages of new entrants' affiliation structures and respond accordingly. A new entrant that provides incentives through a novel affiliation structure can be routed significant orders if the incumbent exchange does not react swiftly and effectively. Catering to the masses does not appear to be beneficial as unaffiliated brokers are largely unaffected by the introduction of a new e-market.
In our multi-firm setting with network effects, we believe the empirical methods presented are promising for management researchers who want to explain cross-organizational responses to IT innovation, and generate insights. The results are not limited to analyzing electronic exchanges but, we expect, to many situations where competing IT platforms also benefit from user affiliation and network effects.
Financial markets perform a number of basic economic functions. First, they consolidate supply and demand for securities, currencies, and derivatives contracts, and process orders and execute trades. They also disseminate price information. By providing information and price discovery for standardized instrumentsstocks, bonds, foreign currencies, and futures contracts -markets play an important role in facilitating capital raising and the transfer of risks. IT makes pricing information widely available and reduces latencies for market communications, which enhances liquidity and provides more choices to investors. As a result, transactions costs have fallen and volumes have risen in most major markets in the past 10 years (Harris et al. 2008 ).
Second, markets provide infrastructure for transferring ownership and payments, and for enforcing rules and legal contracts. Conflicts of interest and opportunities for fraud arise in markets, so investors require assurance that financial information is reliable (e.g., has been audited), and that trading rules will be enforced.
Third, markets intermediate between sources of capital (savers) and users of capital (borrowers), and provide immediacy and liquidity. This means that, for instance, a 'saver' that purchases bonds or call option contracts on a company's stock does not need to hold the bonds or options until their maturity or expiration date.
The buyer can reverse the investment decision by selling the bonds or the call options back to buyers in the market. The liquidity of traded financial assets makes them more valuable than other assets that can not be readily converted into cash (Amihud and Mendelson 1988) .
Finally, markets are inter-organizational systems whose success depends on their participant firms, particularly at the time of launch. In such settings, economic forces such as adoption decisions and network effects can determine the impacts of technology as much as technical advantages. The empirical question we answer is how the dynamics of an interrelated, multi-firm environment can support the launch of two electronic options exchanges. Furthermore, we investigate the roles broker affiliation and network effects play in brokers' order routing decisions.
